This study measured and compared the levels of trace elements (Pb, Hg, Cr, Ni, V, Cu, Cd, Mn, Fe, Zn, Co, and As) at Aba and Port Harcourt respectively. Paired independent t-test at p ≤ 0.05 (df = 34, n = 36) confirmed significant seasonal variations in the concentrations of the metals with greater concentrations during the dry season. Enrichment factor (EF) analysis was adopted to identify the sources and their contributions to particulate matter. Our results revealed that the background atmosphere in the studied cities was highly affected by anthropogenic pollution, in the order PH > Aba > Eket > Calabar, and demonstrated that high heavy metal concentrations occurred but with significant EF values during the dry season. The present study provides base line information about the region. The results are useful for effective environmental pollution monitoring in the in the Niger Delta air basin.
Introduction
Nigeria is ranked the sixth oil producing country in the world with a production capacity of about 1.3 million barrels per day (Usman, 2007) . The Niger Delta region from where this oil is obtained is an area of intensive exploitation and exploration of petroleum resources. This has attracted rapid industrialization and urbanization with its attendant traffic intensity. Studies have shown that the occurrence of pollutants in excess of natural loads in most parts of the Niger Delta region of southern Nigeria has become a problem of increasing concern (World Bank, 1995) . Globally, in recent decades, it has been found that the number and intensity of anthropogenic sources have increased the overall environmental trace element concentration (Koch & Retard, 2001) . Trace metals may be introduced into the crude oil while they are being transported from oil wells to processing sites and storage tanks. A number of trace metals may be naturally associated with crude oil during the process of formation of the oil. The presence of trace metals in crude oil and other bituminous substances have been reported (Osibanjo et al., 1984) . Metallic compounds in crude oils include metalloporphrin chelates, transition metals complexes, organomettallic compounds, carbonyl acid salts of polar functional groups and other colloidal mineral (Achi & Shide, 2004) . Ngwadinigwe and Nworgu (1999) have reported on the concentrations of Na, V, Fe, Ca, K, Mg, Ni, Zn and higher V/Ni ratio in some crude oils from Bonny, Brass, Imo River, Yorla and Elwa oil fields within Niger delta region. Gao et al. (1992) have reported that during long-range transport, dust aerosols carry large quantities of mineral particulates as well as anthropogenic air pollution to remote regions. from a variety of pollution emission sources. The exposure of a large population to such non-degradable and toxic substances has been shown to have large impact on human health and the ecosystem (Forsberg, 2005) . The airborne particulates and related trace metals have been linked with both acute and chronic adverse health effects which mostly include respiratory diseases, lung cancer, heart diseases and damage to other organs (Prieditis & Adamson, 2002; Magas et al., 2007; Wild et al., 2009 ).
In order to gain information on trace metals in the atmospheric environment of the Niger delta region of Nigeria, we carried out sampling of SPM at four major cities in the Niger delta over a period of one year (July-September, 2005 representing dry season and January-March, 2006 representing wet season. Seasonal sampling intervals provided sufficient materials and detailed information to assess atmospheric composition and anthropogenic trace metal pollution in this region. This paper presents the results of trace element analyses of those samples. The main purposes of this work were to (1) provide baseline concentrations of heavy metals in the atmosphere of Niger delta region and expand the database for this regions. (2) determine the seasonal variability in the levels of the trace elements for comparison and (3) determine their enrichment factors of the elements and possible sources of pollution in the areas.
Study Area
Four major cities namely; Calabar, Aba, Port Harcourt (PH) and Eket in Niger Delta region of Nigeria were selected for this study. Each selected city has its unique characteristics which can be replicated across the region. The cities are from states which form a contiguous land mass and are located in the eastern flank of the Niger delta region of Nigeria as shown in Figure 1 .
The criteria for considering these cities are: Calabar is generally pollution "free" with no serious petroleum activities. Although Calabar is not heavily industrialized, it has moderate traffic density and farming activities. Aba is a highly urbanized, heavily industrialized and big commercial city with a heavy traffic density with little petroleum activity. Eket town is characterized by heavy petroleum activities-gas flaring, oil exploration and production by Exxon Mobil with a low traffic density. It is not a commercial town. Port Harcourt is a large commercial city, highly urbanized and faced with a heavy traffic density, bush burning and industrialization. It is characterized by heavy petroleum exploration and exploitation activities with extensive gas flaring. In each city, the sites selected were located at least 300 metres from main roads and densely populated areas. The direction of the wind was also considered in the selection of study sites. Site selection for this study took into consideration the reproducibility of results and other environmental factors such as accessibility of sites, availability and suitability of open spaces, areas with minimal local influence from traffic as well as industrial activities and wind direction. The descriptions of sampling sites with geographical coordinates are shown in Table 1 while map showing the selected study sites is shown in Figure 1 .
Sampling and Analysis
Composite samples of ambient air were collected hourly at each of the study sites for six hours between 10.00 am and 6:00 pm in the months of July-September, 2005 representing dry season and January-March, 2006 representing the wet season. All the SPM samples were collected on a German quartz fibre filters with a diameter of 47 mm and pore size of 1.0 μm which was previously annealed for about 8 hours at 500 o C in order to remove potential background contaminants. The filter holders were protected with a rainproof cover. Electric power to run the vacuum pumps was supplied by a 2 KVA generating system placed 300 meters away from sampling point. The pumps were equipped with an automatic air flow meter, calibrated with an accuracy of ±1.5% and set at an average flow rate of 1.5 m 3 per minute (under local pressure). This was done in consideration of the low SPM background. The air volume for each sample was calibrated to standard sea level pressure (1013 mbar) using the average pressure value (which was automatically measured every 20 mins) during each sampling period. The duration of each sampling period was set to one hour. After sampling, the filters were changed and individually placed into pre-cleaned in aluminum foil for transport and subsequent analysis. Reweighing of the filter paper immediately after sampling under carefully controlled conditions gave a direct measurement of the level of suspended particulate matter as PM 10 . 
Method of Analysis
In this study, the quantitative elemental analyses of the SPM samples (filters) were performed using atomic absorption spectrophotometer (Perkin Elmer 2380). Filters were dissolved with suprapure HNO 3 and HF (ANALA grade) at 150-190 °C in polytetrafluoroethylene screw-top bombs. After digestion, the dust on the Teflo™ filters was totally dissolved. The solution was filtered and the filtrate diluted to 30 cm 3 with deionized water. The blank filters were also digested and measured, following the same procedures as for the SPM samples, showing very low concentrations. The blank background values were subtracted from the measured results. The levels of the trace metals in the filtrate were determined using AAS.
Results and Discussion

PM 10 Concentrations
The statistical distribution parameters for SPM (PM 10 ) and trace metals (Cd, Cr, Cu, Fe, Mn, Pb, Ni and Zn) for the study areas are given in Table 2 Table 2 . The mean level of Hg was lowest at all the locations followed by cadmium. The mean level of Fe (41.26 ± 9.80 µg/m 3 ) was highest in Calabar followed by Pb (11.25 ± 5.86 
Spatial-Seasonal Variability in Metal Fluxes in SPM
The mean levels of trace metals in SPM in the atmosphere for the wet and dry seasons for each location are presented in Table 3 and Figure 3 . Some of the trace metals identified in the SPM in the atmosphere within the study area showed spatial variation due to industrial activities at each location. This observation is not surprising and is consistent with that of Uzoekwe et al. (2008) who ascribed the observed spatial variation in the data to differences in the levels of industrial activities at the different monitoring sites. A report by WHO (2000) has also confirmed the fact that ambient levels of atmospheric pollutants depend upon strength of the source, efficiency of their dispersion and other meteorological conditions like turbulence and inversion. Higher concentrations of the elements were observed in the dry season except Cu at Eket and Calabar, Pb at Eket and Zn at Aba. Results of a paired t-test at P ≤ 0.05 (df = 34, n = 36) reveal that the seasonal variations in levels of the elements were all significant (Table 3) except that of Pb at Calabar, Cu at Calabar and Eket and Zn at Aba. McDonald and Duncan (1979) in a study on the atmospheric levels of trace elements in the atmosphere in Glasgow listed rain as one of the weather parameters which persistently has the greatest effect on particulate levels which tends to cleanse the atmosphere. In Benin City in Nigeria, a study on the temporal and spatial variations of benzene in the atmosphere revealed that the levels of benzene were higher in the dry season (Olumayede et al., 2008) . This observation is in agreement with that of Uzoekwe et al. (2008) in a similar study on NO 2 in Gelegele community in Edo State, Nigeria, and is consistent with our findings. 
Sources of Trace Metals in Niger Delta Air Basin
To determine whether certain trace metals and elements were present in high concentrations relative to their concentrations in the earth's crust, an enrichment factor was calculated. In the present study enrichment factor was used to assess the level of contamination and the possible anthropogenic impact in the Niger delta region. To identify anomalous metal concentration, geochemical normalization of the heavy metals data to a conservative element, such as Al, Fe, and Si have been employed. Several authors have successfully normalized trace and heavy metal contaminants in sediments and atmosphere (Schiff & Weisberg, 1999; Baptista-Neto et al., 2000; Mucha et al., 2003; Kim et al., 2000; Wu et al., 2009) relative to a conservative element (Fe and Al) that is dominantly lithogenous in origin. In this study Fe was used as a conservative tracer to differentiate natural from anthropogenic components. According to Ergin et al. (1991) Many authors prefer to express the metal contamination with respect to average shale to quantify the extent and degree of metal pollution (Muller, 1969; Forstner & Muller, 1973; Taylor & McLennan, 1995) . In this study, the background concentrations of the elements were taken from (Turekian & Wedepohl, 1961) . Figure 4 shows EF values of Pb, Hg, Cr, Ni, V, Cu, Cd, Mn, Fe, Zn, Co, and As for the four cities. According to Zhang and Liu (2002) , EF values between 0.5 and 1.5 indicate the metal is entirely from crustal materials or natural processes, whereas EF values greater than 1.5 suggest that the sources are more likely to be anthropogenic. An EF value close to unity (less than 5) is considered to indicate a dominant input from rock and soil, while an EF value greater than 10 strongly suggests that the corresponding element originated mainly from other sources (Ferrari et al., 2004) . The results of the present study show that all the elements were significantly enriched at all study locations since their EF values are greater than 10 (Figure 4) . The highest average EF is seen for Cd, Pb and Hg with values in decreasing order: PH > Aba > Eket while Calabar recorded the least EF for all the elements (Figure 4) . The difference in EF values may be due to the difference in the magnitude and input for each metal in the atmosphere and/or the difference in the removal rate of each metal from the air basin. High EF values for these trace and heavy metal have been reported in SPM in ambient air of artisan workshops in Benin city (Okuo & Okolo, 2011 ). There are three major anthropogenic sources of trace elements in the atmosphere of the Niger delta of Nigeria: (1) stationary fossil fuel combustion is the major source of Cr, largely from coal combustion, (2) combustion of petroleum products provides the major source of Ni and V, and the combustion of leaded, low-leaded, and unleaded gasoline continues to be the major source of atmospheric Pb emissions, and (3) non-ferrous metal production is the largest source of atmospheric Zn, Cu, As, and Cd (Pacyna & Pacyna, 2001 ). Beside these three major sources, some heavy metals have specific sources. For example, waste incineration and the use of phosphate fertilizers in agricultural areas are major sources for Cd (Harmens et al., 2004) .
The mean levels of Pb in air-borne particulates were very significant at all locations as shown in Table 2 . Apart from the fact that a lot of petroleum activities go on in the region, the cities selected for the study are major cities with considerable traffic density. Traffic emissions may contribute immensely to the levels of Pb in the 2013 atmosphere. The concentration of lead in the natural environment is not high since it is a non-essential element (Ayodele & Ali, 2007) . Pb is added to gasoline as tetramethylead and tetraethyl lead as an antiknock agent. The metal is released to the atmosphere through the exhausts as lead halides produced by the reaction of tetraethyl lead from gasoline with ozone and other haloalkanes. The emission is through the exhaust of automobile engines using the leaded gasoline as fuel. The results obtained (Table 2) reveal that the mean level of lead was very significant at the four locations under study. This is probably due to the heavy traffic emission in these cities caused by urbanization and industrialization. In a study conducted in nine different zones of Bombay city, a significant positive correlation was found between air-borne lead and the vehicular (petrol-driven) traffic density counted at the time of sampling (Khandekar et al., 1979) . This suggests that automobile exhaust emission may be a prominent source of air-borne lead in the city of Bombay and is consistent with the findings of this study. Moreover, as a result of problems of power supply in the study area, almost all families, traders, industries and other establishments depend on gasoline or diesel driven generators for supply of energy either for domestic or industrial use. The exhaust emissions from these petrol driven power generators may probably contribute to the levels of atmospheric lead in the study area leading to the observed high level of Pb in the atmosphere.
The mean level of Fe (41.26±9.84 µg/m 3 ) was found to be highest in Calabar. This is not unexpected considering the level of quarrying activities around Calabar vicinity. The quarries at Awi, Nsan, Okom-Ita, Etamkpini, Mfamosing and the cement factory in Calabar may contribute to the high level of Fe in the Calabar environment. Moreover, major construction works in the capital city as well as the daily activities of iron-mongers, automobile mechanics may release sufficient levels of Fe into the atmosphere. In a study of Pb, Cd, Zn, Cu, and Fe in the atmosphere of Greater Bombay, Khandekar et al. (1979) found that air-borne levels of Fe were higher in the city area where major construction works were in progress.
During the period of study, major building and road construction activities including relocation of the cement (UNICEM) factory, transportation of quarry products were observed in Calabar. Iron being the most widely used of all the metals, comprising 95% of the tonnage of all the metals produced worldwide (Greany, 2005) may have been released into the environment. This was observed by the highest mean concentration of Fe (0.6622±0.422 ppm) compared to Pb, Cu, Cr, and Zn in dust particulates from Calabar Municipality, Nigeria (Ogri et al., 2000) . Similarly, Fe had the highest mean level of 2149.25±173.16 µg/g followed by Pb (1.34±0.44 µg/g) in a study of trace metals and total hydrocarbons in soil and bio-data from a seasonal wetland drained by Municipal run-off from Calabar (Ogri et al., 2007 (Ekweozor et al., 2003) . These industries together with the regular petroleum exploration and exploitation activities may be responsible for the release of zinc and other trace metals in the atmosphere. Meteorological factors like wind direction and speed may also be responsible for the transportation of zinc pollutants from Port Harcourt to other part of the Niger delta.
The low mean levels of Hg suggest that activities in the production of Hg are very low in the study area. Industrial effluents may find their way into aquatic environments with a resultant low level in the atmosphere. Cd is a relatively rare heavy metal (Elinder & Jarup, 1991) . It is widely distributed at low levels in the environment and from present knowledge it is not an essential element for human, animals or plants (FDA, 1993) . This perhaps explains its low level observed in this study. The level of Cd may be increased from wear and tear of automobile tyres (Langerweff & Specht, 1970; Burton & John, 1977) . Vanadium was found at appreciable level in the study area. This may be an indication of petroleum hydrocarbon contamination of the study area (NRC, 1985; Asuquo et al., 1999) . Although the levels of these trace elements are relatively low, their enrichment factors indicate sources from anthropogenic input.
Conclusion
Sampling of SPM for one year (July-September, 2005 for dry season and January-March, 2006 for wet season) has provided information on the levels of trace metals in the atmosphere of Niger delta region and furthers our understanding of anthropogenic pollution in this region.
The particulate matter (PM 10 ) concentrations were lower than the value of 250µg/m 3 annual average stipulated by the national air quality regulating agency (FEPA, 1991) .
The seasonal variations of Pb, Hg, Cr, Ni, V, Cu, Cd, Mn, Fe, Zn, Co, and As showed high concentrations during dry season than during wet season.
Enrichment factor (EF) analysis proved useful in identifying the sources and their contributions to particulate matter and indicate that that the background atmosphere in the studied cities is highly affected by anthropogenic pollution, in the order PH > Aba > Eket > Calabar, and demonstrate that high heavy metal concentrations occur but with significant EF values during the dry season.
Three major anthropogenic sources of trace elements in the atmosphere of the Niger delta have been identified as: (1) stationary fossil fuel combustion-coal combustion, (2) combustion of petroleum products-combustion of leaded, low-leaded, and unleaded gasoline and (3) non-ferrous metal production, waste incineration and the use of phosphate fertilizers in agricultural areas.
The levels of pollutants obtained in the study have provided baseline information about the regional pollution pattern and intra regional atmospheric cycle of the pollutants.
